RECENT investigations have demonstrated the importance of the benzylpenicilloyl group as an antigenic determinant in benzylpenicillin (PG) hypersensitivity (Levine and Ovary, 1961) (Fig.  1 ). It has been suggested that this antigen is formed by the conjugation to protein of the highly reactive intermediate, benzylpenicillenic acid ( Fig. 1, B) . A number of conventional penicillins derived from 6-aminopenicillanic acid (6-APA) form penicillenic acid at varying rates and all those that have been tested crossreact immunologically with PG. -aminopenicillanic acid (6-APA) and cephalothin (CPTH) and pathways of formation of the conjugate of PG. Reaction "B" has been demonstrated (Levine, 1961) . Reaction "A", a direct transamidation involving the 18-lactam ring, is proposed as an alternative through which 6-APA and CPTH as well as PG may become antigenic.
In our investigations two unconventional penicillins that do not undergo the penicillenic acid rearrangement in vitro have been studied. One of these, unsubstituted 6-aminopenicillanic acid, does not possess an acyl side-chain radical and hence cannot undergo the oxazalone rearrangement (Fig. 1) . The other, 7-(thiophene-2-acetamido)-cephalosporanic acid, cephalothin (CPTH), is derived from 7-aminocephalosporanic acid, which possesses a 6-membered S containing ring (Fig. 1) . The penicillin-like congeners derived from this nucleus are much more acid stable than the compounds derived from 6-aminopenicillanic acid (which possesses a 5-membered S containing ring) and do not form detectable amounts of penicillenic acid (Brandriss, Denny, Huber and Steinman, 1962) . It, therefore, appeared of interest to investigate the immunologic activities, if any, of these two unusual penicillins.
Methods and Materials
New Zealand white rabbits were sensitized by injections of the penicillin pre-incubated with rabbit serum according to the procedure used by Levine and Ovary (1961) . The presence of antibody was determined 'by a number of procedures. The results of the hemagglutination and passive cutaneous anaphylaxis (PCA) studies are described here. The other data are to be pulblished in a more detailed report.
The test antigens used for detecting PCAreacting antibodies were made by conjugating the individual penicillin with human y-globulin (HGG) at an alkaline pH.
Results
The results of the hemagglutination studies are summarized in Table I . Sera from rabbits injected with PG regularly agglutinated CPTHcoated cells as well as PG-coated cells. There was marked variation between individual sera in the degree of cross-reactivity. Sera from rabbits injected with 6-APA agglutinated PGcoated cells in high titer but gave very weak cross-reaction with CPTH-coated cells. Sera from rabbits injected with CPTH gave strong reactions with CPTH coated cells but weak or negative reactions with PG-coated cells. The results of the PCA studies are summarized in Table II . Antibenzylpenicillin sera benzylpenicilloyl-globulin conjug,ate was used regularly gave strong PCA reactions when the as the eliciting antigen. There were strong cross-reactions with the 6-APA conjugate and moderate to strong reactions with the cephalothin conjugate. Anti-6-aminopenicillanic sera gave strong PCA reactions whether the homologous antigen or the benzylpenicilloyl antigen was used to elicit the reaction. Weak cross-reactivity with the cephalothin conjugate was seen. Cephalothin sensitized animals yielded sera which gave the PCA reaction equally as well with benzylpenicilloyl antigen as with the homologous antigen but reacted weakly with the 6-APA conjugate.
Discussion
It had been demonstrated previously that the injection of 6-APA into rabbits caused the formation of antibody that agglutinated benzylpenicillin-coated red cells (Chisholm, English and MacLean, 1961) . The present report demonstrates that cephalothin is also antigenic and that both 6-APA and CPTH cause the formation of PCA-reacting as well as hemagglutinating antibodies that cross-react with the benzylpenicillin antigen. Since these two penicillins do not undergo a penicillenic type rearrangement, it is suggested that they become antigenic through a direct reaction with protein via a transamidation reaction involving the B-lactam ring. Such a direct combination with protein may also occur as a simultaneous competitive reaction even with those penicillins capable of the penicillenic-type re-arrangement (Fig. 1, A) .
Since the antigens derived from the two other penicillins cross-reacted strongly with benzylpenicillin, they presumably contain structures related to the ibenzylpenicilloyl group which has been shown to be the major determinant group in benzylpenicillin hypersensitivity. The unsulbstituted 6-aminopenicillanic acid molecule produced an antigen which differed in specificity from the substituted molecule, benzylpenicillin, as measured by cross-reactions with cephalothin. The relation of the cross-reactivity between CPTH and PG observed in hyperimmunized rabbits to potential cross-reactions in humans remains to be clarified. 
